One-pot synthesis of diaryliodonium salts using toluenesulfonic acid -a fast entry to electronrich diaryliodonium tosylates and triflates. Abstract: A direct synthesis of symmetric and unsymmetric electron-rich diaryliodonium salts is described. The use of mCPBA and toluenesulphonic acid delivers diaryliodonium tosylates in high yields. An in situ anion exchange has also been developed, giving access to the corresponding triflate salts.
Hypervalent iodine compounds have recently received considerable attention as mild, non-toxic and selective reagents.
1, 2 Iodine(III) reagents with two carbon ligands have similar properties to certain transition metal complexes, and can be used in C-C bond forming reactions. 2 Diaryl-λ 3 -iodanes, also called diaryliodonium salts, are the most well-known compounds in this class. Due to their highly electron-deficient nature and hyperleaving group ability, they are versatile arylating agents with a variety of nucleophiles, e. g. in α-arylation of carbonyl compounds.
3 They can be employed in copper-and palladium-catalyzed cross-coupling reactions, allowing milder reaction conditions than in couplings with aryl halides. 4 Furthermore, diaryliodonium salts are used to generate benzynes 5 and serve as photo initiators in polymerizations. 6 Synthetic routes to diaryliodonium salts generally require several reaction steps that often are timeconsuming and moderate yielding. 7, 8 In order to make these efficient arylating agents more easily available, we have recently developed a high-yielding one-pot synthesis of diaryliodonium triflates from arenes and aryl iodides or molecular iodine (Equation 1). 9 This procedure is quite general, but fails in the synthesis of symmetric, electron-rich salts. We thus set out to find suitable conditions for a one-pot synthesis of electron-rich salts, and herein present our preliminary results. Acids with higher pK a than TfOH were expected to promote the reaction with less byproduct formation. A screening with molecular iodine, anisole, mCPBA 10 and various acids revealed that this indeed was the case (Table 1, entries 1-5). Although perchloric acid had shown promising results with other substrates, 11 it was too reactive to allow formation of the di(4-methoxyphenyl)iodonium salt. Useful yields were obtained with toluenesulphonic acid (tosic acid, TsOH) and trifluoroacetic acid (TFA), and the reaction was subsequently optimized with TsOH (entries 6-9). 12 The use of elevated temperature delivered di(4-methoxy-phenyl)iodonium tosylate (2a) in 73% yield within 10 minutes (entry 3). Although the reaction was considerably slower at room temperature, the yield was improved to 89 % yield (entry 6). The amount of tosic acid was subsequently investigated, and 3 equiv was found sufficient to obtain 2a in high yield (entries 7-9). Interestingly, the product seems to decompose slowly upon prolonged heating (cf entries 7, 8). The optimized conditions were subsequently applied to various arenes, as depicted in Table 2 . Thiophene gave salt 2b in good yield both at rt and 40 °C (entries 2, 3). As expected, the reactivity of alkyl-substituted arenes was lower, and elevated temperature was needed to obtain salts 2d-2f (entries 5-8). Toluene gave a regioisomeric mixture of symmetric salt 2f and (2-methylphenyl)(4-methylphenyl)iodonium salt 2g in a 2:1 ratio, resulting from iodination para and ortho to the methyl substituent, respectively (entry 8). All other products were obtained completely regioselectively.
The use of 2,2,2-trifluoroethanol (TFE) has recently been reported to enhance the reaction rate of iodine(III) compounds with arenes. 13 Although pure TFE proved inefficient in our system, the use of a 1:1 mixture of TFE and CH 2 Cl 2 resulted in higher yields than pure CH 2 Cl 2 for some salts (see entry 7 and purification of diaryliodonium triflates 9 could not be employed on salts 2, since the excess tosic acid precipitated with the iodonium salt upon treatment with diethyl ether. The products were thus purified by column chromatography instead. Diaryliodonium triflates are more easily applicable than tosylate salts, due to the non-nucleophilic properties of the triflate anion. 4 Thus, we subsequently investigated an in situ anion exchange of salt 2a to the corresponding triflate salt 3a (Equation 2). Fortunately, addition of 2.5 equiv triflic acid to the reaction mixture after complete conversion to the tosylate salt followed by 1 h stirring at room temperature resulted in 3a in 71% yield. This in situ anion exchange should be generally applicable to synthesis of electron-rich diaryliodonium triflates that are unobtainable by the direct triflic acid-mediated reaction (Equation 1). 
Equation 2
In situ anion exchange.
Finally, the synthesis of unsymmetrical diaryliodonium salts was investigated with tosic acid. As expected, the reaction of iodobenzene with electron-rich arenes delivered the corresponding diaryliodonium tosylates in good yields (Table 3) . Biphenyl-and naphtyl salts cannot be synthesized in the TfOH-mediated reaction. 9 Gratefully, biphenyl could be successfully employed with tosic acid to give salt 2k (entry 3). High yields could be obtained also with less electron-rich arenes (entries 4-8). Notably, diphenyliodonium tosylate (2h) could be formed in this reaction, whereas the direct reaction of iodine and benzene failed (cf Table 2 , entry 9 and Table 3, entry 8). 14 before addition of the arene in order to avoid side reactions between the oxidant and the arene. Surprisingly, the true one-pot procedure proved as efficient, and in reactions with 4b no product could be obtained in the stepwise reaction. All products were obtained completely regioselectively. 1 equiv of TsOH was found sufficient to mediate the reaction, which simplified the purification substantially as precipitation in diethyl ether could be employed.
The in situ anion exchange to the corresponding triflate salts could be employed also on this reaction, as exemplified by the synthesis of (4-methylphenyl)-phenyliodonium triflate (3i) and (biphenyl)phenyliodonium triflate (3k). In both cases the anion exchange took place in near quantitative yields (entries 1, 3) .
The limitations in this reaction are seen with electron-deficient arenes, which give byproducts by incorporation of the aryl moiety of TsOH rather than reaction with the added arene (Equation 3). To summarize, the use of tosic acid in combination with mCPBA enabled the one-pot synthesis of previously unobtainable, electron-rich diaryliodonium salts. Also less electron-rich salts can be synthesized in good yields. Furthermore, the described in situ anion exchange gives access also to the corresponding triflate salts, which are more useful in certain applications. o C TfOH (23 µl, 0.258 mmol) was added dropwise and the mixture was stirred at rt for 1 h. After the solvents were evaporated in vacuo, the residue was submitted to a flash chromatography (DCM : Et 2 O = 2 : 1 à DCM : MeOH = 25 : 1) to give 3a as pale green crystals (72 mg, 71%).
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